Differential Branch Pulmonary Artery Regurgitant Fraction Is a Function of Differential Pulmonary Arterial Anatomy and Pulmonary Vascular Resistance  by Harris, Matthew A. et al.
J A C C : C A R D I O V A S C U L A R I M A G I N G V O L . 4 , N O . 5 , 2 0 1 1
© 2 0 1 1 B Y T H E A M E R I C A N C O L L E G E O F C A R D I O L O G Y F O U N D A T I O N I S S N 1 9 3 6 - 8 7 8 X / $ 3 6 . 0 0
P U B L I S H E D B Y E L S E V I E R I N C . D O I : 1 0 . 1 0 1 6 / j . j c m g . 2 0 1 1 . 0 2 . 0 1 1Differential Branch Pulmonary Artery
Regurgitant Fraction Is a Function of
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Matthew A. Harris, MD,*† Kevin K. Whitehead, MD, PHD,*† Matthew J. Gillespie, MD,*†
Timothy Y. Liu, BS,† Michael T. Cosulich, BS,† David C. Shin, BA,†
Elizabeth Goldmuntz, MD,*† Paul M. Weinberg, MD,*† Mark A. Fogel, MD*†
Philadelphia, Pennsylvania
O B J E C T I V E S We sought to investigate whether differential branch pulmonary artery (BPA)
regurgitation correlates with differences in BPA anatomy and physiology.
B A C KG ROUND Patients with repaired conotruncal anomalies such as Tetralogy of Fallot fre-
quently have residual BPA stenosis or BPA size differences. Previous reports have demonstrated an
increased left pulmonary artery (LPA) regurgitant fraction (RF) in these patients.
METHOD S We retrospectively reviewed 76 consecutive cardiac magnetic resonance (CMR) studies
for BPA size and phase-contrast magnetic resonance data, including 13 consecutive patients who
underwent both CMR and catheterization.
R E S U L T S Thirty of the 76 patients had either BPA stenosis or signiﬁcant size discrepancy. Whereas
previous studies had shown an increased RF in the LPA, patients with BPA stenosis or size discrepancy
showed no signiﬁcant difference between right and left BPA RF (30% vs. 30%, p 0.985). However, there
was a signiﬁcantly increased RF of the larger versus smaller BPA (39% vs. 21%, p  0.001), resulting in
an insigniﬁcant deviation from normal fractional ﬂow distribution (RPA 63% vs. LPA 37%; normal net
fractional ﬂow distribution RPA 55% vs. LPA 45%). Retrospective review of patients who underwent both
CMR and catheterization provides support for the preceding ﬁndings and validates differential BPA RF
as strongly correlating with differential pulmonary vascular resistance (PVR) (r  0.8364, p  0.001).
CONC L U S I O N S BPA RF is a function of the relative PVR and the presence of BPA stenosis or size
discrepancy. Contrary to prior reports, the LPA RF is only elevated in patients with relatively equal sized
BPAs. In the setting of BPA stenosis or size discrepancy the larger BPA has a relatively increased RF and
PVR. Therefore, the differential RF is an important tool for screening patients with unilateral stenosis for
contralateral increases in PVR that cannot be identiﬁed with net ﬂows alone. This can affect the
indication and timing for BPA intervention. (J Am Coll Cardiol Img 2011;4:506–13) © 2011 by the
American College of Cardiology Foundation
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etralogy of Fallot and other conotruncal
anomalies are common forms of complex
congenital heart diseases (1,2). In many cases,
repairing these defects involves reconstruction
f the right ventricular (RV) outflow tract and
entricular septal defect closure, with the aim of
stablishing separate and unobstructed pulmonary
nd systemic circulations (3,4). Many post-
perative patients have some degree of pulmonary
nsufficiency. In addition, residual branch pulmo-
ary artery (BPA) stenosis, hypoplasia, or dilation is
ommon after repair (5,6). The combination of
PA stenosis and pulmonary insufficiency can
roduce RV enlargement and hypertension and
nderdevelopment of the BPAs (7–9). Indica-
ions for treatment of BPA stenosis include: 1)
elief of RV hypertension (10 –13); 2) promoting
rowth of the stenotic artery by increasing its
ulmonary blood flow (PBF) (11–13); and 3)
revention of contralateral BPA hypertension
11,12,14,15).
There have been few studies investigating the
auses of differential BPA regurgitant flows after
epair of conotruncal anomalies (16–18). Kang et
l. (16) found that the left pulmonary artery (LPA)
as increased BPA regurgitation. However, this
tudy did not distinguish between patients with and
ithout residual BPA stenosis. Our group reported
hat patients with conotruncal anomalies without
esidual BPA stenosis have increased LPA regurgi-
ation (17), and we speculated in that study that the
ifferential BPA regurgitant fraction (RF) can be
sed as a method of estimating the relative right
nd left pulmonary vascular resistance (PVR) in
hese patients. The current investigation continues
ur original work; we investigated the impact of
esidual BPA stenosis on the flow dynamics in the
PAs and correlated these findings with hemody-
amic catheterization data.
We hypothesized that differential regurgitation
atterns vary among patients with BPA stenosis or
ize discrepancy compared with patients with rela-
ively equal-sized BPAs. In patients without BPA
tenosis or size discrepancy, differences in RF relate
o differences in the relative PVR. In contrast, in
atients with BPA stenosis or size discrepancy,
ifferences in RF relate to the presence of BPA
tenosis, size discrepancy, and relative PVR. This
undamental difference has clinical significance. Pa-
ients with a stenotic BPA coexisting with con-
ralateral elevated PVR can have normal fractional
et flows to each lung because of the opposing
ffects of these factors. These patients may benefitrom BPA intervention to relieve stenosis, even
hough their fractional net flows suggest that the
tenosis is insignificant.
M E T H O D S
Patients. We retrospectively reviewed 76 consec-
tive cardiac magnetic resonance (CMR) studies
f post-operative conotruncal anomalies in pa-
ients who underwent phase-contrast magnetic
esonance (PCMR) imaging of the proximal BPA
rom November 2003 through December 2006.
atients were referred for CMR as part of their
outine clinical care or they were recruited and
nrolled in a prospective research study investi-
ating the impact of genotype on clinical out-
ome after surgery for conotruncal anomalies.
We also retrospectively reviewed 13 consecutive
atients who underwent both PCMR and
ardiac catheterization over the same time
nterval after repair of a conotruncal
nomaly. For the PCMR/cardiac cathe-
erization data comparison, inclusion cri-
eria required that the PCMR and cardiac
atheterization studies were performed
ithin 1 year of each other without a BPA
ntervention in the interim. All magnetic
esonance (MR) studies included in both
etrospective reviews had significant BPA
egurgitation defined as at least a 10% RF
n one of the BPAs (16). Patients with
ndovascular stents in the RV outflow
ract or BPAs (n  2) and repeat studies
n  2) were excluded. Patients with
ulmonary venous pathology were also
xcluded (n  2). One patient had unilat-
ral pulmonary vein hypoplasia, and the other had
nrepaired partial anomalous pulmonary venous
onnection.
MR acquisition. All CMR studies were performed
on either a 1.5-T Siemens Sonanta (Siemens,
Erlangen, Germany) or Avanto (Siemens) sys-
tem. Generally children younger than 9 years are
sedated, and the acquisition is performed while
the patient is spontaneously breathing. Older
children generally can undergo magnetic reso-
nance imaging without sedation, and the acqui-
sition occurs during end-expiration. Studies were
post-processed on a satellite workstation and
analyzed by one of 2 cardiologists (M.A.H.,
M.A.F.). PCMR and ventricular volume data
were analyzed using ARGUS software (Siemens).
A B B
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508the BPA size, PCMR flow data, and ventricular
volume data.
BPA size assessment. The sizes of the proximal
BPAs were measured in 2 dimensions, and the
cross-sectional area (CSA) was calculated from the
linear measurements. In patients with proximal
narrowing of a BPA, measurement of its distal
segment was obtained immediately before the ori-
gin of the upper lobe branch.
We defined BPA stenosis as the proximal CSA
of a BPA at its origin being less than one-half of its
respective distal measurement immediately proxi-
mal to the origin of the upper lobe branch. We
defined BPA size discrepancy when the CSA of one
BPA was less than one-third of the total CSA of both
BPAs (measured at the origin of the BPAs). Patients
with either BPA stenosis or size discrepancy were
placed in group A, and patients without BPA stenosis
or size discrepancy were placed in group B.
Phase-contrast magnetic resonance. PCMR acquisi-
tion was applied at the main pulmonary artery and
BPAs and at the aortic valve for flow quantification
(19,20). PCMR data analysis involved contouring
regions of interest throughout all phases of the
cardiac cycle. Forward, regurgitant, and net flows
were then automatically calculated from the result-
ing time-volume curves. The RF through a region
of interest is defined as follows: RF (%)  (reverse
flow/forward flow)  100. Fractional BPA PBF is
calculated as follows: fractional BPA PBF (%) 
(net BPA flow/net total PBF)  100.
Cardiac catheterization data analysis. Cardiac cathe-
erization data were reviewed for determination of
he mean BPA pressure distal to any stenosis and
edge pressures of each lung. From these data com-
ined with the fractional PBF distribution data quan-
Between Branch Pulmonary Artery Size, Flows, and Regurgitant
Proximal Size (%) F
RPA LPA p Value RPA
54% 46% 0.0743 55%
stenosis 60% 40% 0.0398 59%
out stenosis 50% 50% 0.6764 53%
ps 0.010 0.010 0.122
Large Small Large
64% 36% 4.0  1016 58%
stenosis 76% 24% 3.0  1014 69%
out stenosis 56% 44% 1.0  1012 51%
ps 6.0  1018 6.0  1018 4.0  1010ified by PCMR, the right and left PVRs were walculated. The reciprocal of the total PVR is equal to
he sum of the reciprocals of each BPA unilateral
VR. Consequently, the unilateral PVR is defined as
ollows: (mean distal BPA pressure  wedge pres-
ure)/BPA net flow indexed to body surface area.
Because the normal range for total PVR is 1 to 3
oods units (Wu) (21), a unilateral PVR of greater
han 6 Wu is abnormally elevated.
Statistical analysis. Standard descriptive statistics
i.e., mean  SD) were used to describe the patient
emographics. The paired t test was used to com-
are the size and flow data between the groups. To
etermine the effects of PVR on the relative RF of
ach BPA, the Pearson correlation was conducted.
value of p  0.05 was taken to be significant.
Approval by the Institutional Review Board of
he Children’s Hospital of Philadelphia was ob-
ained for this retrospective review.
R E S U L T S
Patient demographics. Seventy-six CMR studies
were reviewed for determination of BPA size and
flow data (Table 1). There were 46 males and 30
females. The mean age at the time of MR imaging
was 12.6  6.9 years (range 0.1 to 35.5 years).
Diagnoses included tetralogy of Fallot (n  64
[84%]), truncus arteriosus (n  6), transposition of
the great arteries (n  5), and double outlet right
ventricle (n  1).
BPA stenosis and size discrepancy analysis. Thirty of
he 76 patients (39%) had either the proximal CSA
f a BPA measuring less than one-half of its
espective distal measurement (BPA stenosis) or
he proximal CSA of one BPA was less than
ne-third of the total proximal CSA of both
PAs (BPA size discrepancy). These patients
ction
ard Flow (%) Reverse Flow (%)
LPA p Value RPA LPA p Value
45% 0.0022 51% 49% 0.7712
41% 0.0260 58% 42% 0.1708
47% 0.0257 46% 54% 0.1211
0.122 0.034 0.034
Small Large Small
42% 1.0  106 63% 37% 1.0  106
31% 2.0  1010 79% 21% 8  1011
49% 0.4016 53% 47% 0.3056
0  1010 6.0  109 6.0  109
Continued on next pageTable 1. Relationship Fra
Patients
orw
All patients (N  76)
Group A (n  30) with
Group B (n  46) with
p Value between grou
All patients (N  76)
Group A (n  30) with
Group B (n  46) with
p Value between grou 4.ere placed in group A.
 right pulmonary artery.
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509Nineteen of the 30 group A patients (63%) had
stenosis of at least 1 of their BPAs. Of the 30 group
A patients, 11 had LPA stenosis (37%), 4 had right
pulmonary artery (RPA) stenosis (13%), and 4 had
bilateral stenosis (13%). All 4 patients with bilateral
stenosis had more stenosis of the LPA compared
with that of the RPA.
Twenty-two of the 30 group A patients (73%)
had proximal BPA size discrepancy. There were 11
patients (37%) who had BPA size discrepancy
without stenosis of the contralateral BPA. Among
the 22 patients with size discrepancy, 14 patients had
dilated RPAs (47%) and 8 patients had dilated LPAs
(27%) (Fig. 1B). Nine of the 30 patients (30%) had
stenosis of 1 BPA and relative dilation of the con-
tralateral BPA, with resultant size discrepancy.
Forty-six of the 76 patients (61%) did not have
either stenosis or significant size discrepancy of the
BPAs (group B).
BPA size and ﬂow correlation. In Group A patients,
we found a moderate correlation between relative
BPA size and both forward (R2  0.4007, p 
0.001) and reverse (R2  0.3661, p  0.001) flow,
whereas there was no significant correlation be-
tween relative BPA size and net flow (p  0.11). In
contrast, group B patients did not show a correla-
tion between relative BPA size and forward, re-
verse, or net flow (Figs. 1A and 1B).
Differential RF analysis. There was a significant in-
crease in RF of the LPA versus the RPA (36% vs.
30%, p  0.020; n  76) when all patients were
considered. This was due to the LPA and RPA RFs
of group B patients (39% vs. 31%, p  0.001; n 
46). Group A patients did not show a significant
difference in LPA versus RPA RF (30% vs. 30%,
Table 1. Continued
Net Flow (%)
RPA LPA p Value
58% 42% 6.0  107
59% 41% 0.0044
57% 43% 7.0  106
0.426 0.426
Large Small
55% 45% 0.0007
63% 37% 5.0  106
50% 50% 0.7826
2.0  105 2.0  105
The italic font highlights the regurgitant fraction differences between groups. The b
Diff  differential; LPA  left pulmonary artery; RF  regurgitant fraction; RPAp  0.985; n  30).Figure 1. Correlation of BPA Size, Forward Flow, Reverse Flow,
and Net Flow
(A) Relationship between branch pulmonary artery (BPA) size (%) and for-
ward and reverse ﬂow (%). (B) Relationship between BPA size (%) and netRF (%)
RPA LPA p Value Diff. RF
30% 36% 0.0202 6
30% 30% 0.9853 0
31% 39% 1.0  106 8
0.792 0.012
Large Small
38% 29% 9.0  105 9
39% 21% 4.0  105 18
36% 34% 0.2173 2
0.500 2.0  104
old font highlights the absolute difference in regurgitant fraction between groups.ﬂow (%).
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510There was a significant increase in the larger versus
smaller BPA RF when all patients were considered
(38% vs. 29%, p  0.001; n  76). This was due to
roup A patients (39% vs. 21%, p  0.001; n  30).
roup B patients did not demonstrate a significant
ifference in BPA RF of the larger versus smaller BPA
36% vs. 34%, p  0.217; n  46) (Table 1).
Differential BPA regurgitation was more com-
on in group A. Twelve of the 30 group A patients
40%) compared with 7 of the 46 group B patients
15%) had a 20% difference in RF between the
PAs.
Differential BPA RF and PVR. Thirteen patients un-
erwent CMR and cardiac catheterization within
7.0  112.5 days (range 0 to 302 days), without a
PA intervention in the interim.
There was a significant positive correlation be-
ween the difference in RPA and LPA RF com-
ared with the difference in PVR of the right and
eft lungs (r  0.8364, p  0.001) (Fig. 2). Four of
he thirteen patients (31%) who underwent cathe-
erization had increased differential regurgitation
RF difference 20%), with a lower RF in the
maller BPA, associated with at least one-third of the
otal BPA flow directed toward the smaller branch
35% to 45%). All four patients had elevated PVR in
he larger branch (8.1 to 11 Wu). Three of the 4
atients had unilateral stenosis of the smaller BPA
nd underwent stent implantation at the time of the
atheterization (Fig. 3). The fourth patient had hypo-
lasia without discrete stenosis of the smaller BPA.
D I S C U S S I O N
We demonstrated the significance of measuring
e 2. Correlation of Differential Branch Pulmonary Vascular
tance and Regurgitant Fraction
is a strong positive correlation between the relative pulmonary
lar resistance (PVR) and regurgitant fraction (RF). LPA  left pul-
ry artery; RPA  right pulmonary artery; Wu  Woods units.BPA RFs in patients after repair of conotruncalanomalies. Previous studies (16–18) had shown
that differential BPA regurgitation occurs in these
patients. However, to date, no study has clearly
demonstrated the relationship of differential BPA
regurgitation to BPA anatomy or PVR. Most im-
portantly, we used these data to demonstrate the
practical clinical advantage of measuring BPA RFs
rather than measuring fractional net flows alone.
Generally speaking, the purpose of identifying
BPA stenosis is to determine which patients may
undergo catheter or surgical intervention and expect
to have an improved net fractional flow distribution
that mirrors that of normal people. Ordinarily, the
method for identifying discrete BPA stenosis re-
quires identifying a decrease in the CSA of the
proximal BPA relative to the region distal to the
stenosis in combination with diminished fractional
flow to the stenotic artery (11–13). Patients with
BPA stenosis can be identified indirectly by under-
going nuclear perfusion scintigraphy. Nuclear per-
fusion scintigraphy uses ionizing radiation to mea-
sure differences in enhancement of the two lungs
after injection of a radioisotope, thereby providing
the fractional flow distribution to each lung.
However, this approach is insufficient in patients
with pulmonary regurgitation. It is important to
realize that the net flow to a given lung depends on
both the forward and reverse flows for that lung.
For example, consider a patient with LPA stenosis
and pulmonary regurgitation for which the RPA
RF is 50% and the LPA has no regurgitation. If the
RPA to LPA forward flow ratio is 70:30, then the
net flow ratio would appear to be essentially normal
and measure 54:46. In this case, obtaining the net
flow ratio with nuclear perfusion scintigraphy with-
out directly imaging the BPAs can lead to the
erroneous conclusion that there is no LPA stenosis.
For this reason, CMR is a much more useful tool
for assessing BPA flows compared with nuclear
perfusion scintigraphy. CMR provides precise ana-
tomic definition of the BPAs, in addition to mea-
suring the forward and reverse flows directed to-
ward and away from each branch. CMR identifies
patients with varying degrees of stenosis and dila-
tion of the BPAs, while also providing the PBF
measurements to each branch. In contrast, nuclear
perfusion scintigraphy does not provide anatomic
data and requires the use of ionizing radiation,
which is especially important to consider in pediat-
ric and female patients, who are more radiosensitive
(22,23).
Ideally, after repair of conotruncal anomalies,Figur
Resis
There
vascupatients will not have residual BPA stenosis, hypo-
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511plasia, or dilation. Group B patients (n 46 [61%])
had the preferable post-operative result. They had
no significant stenosis (proximal to distal ratio
50%) or discrepant sizes (one BPA CSA33% of
the total BPA CSA), and their net fractional flow
distribution reflected that of normal people (RPA:
LPA  57:43; p  0.001).
Group A patients (n  30 [39%]) represented a
less desirable, although frequent, outcome after
repair of conotruncal anomalies. They have BPA
stenosis, size discrepancy, or some combination of
these elements. We demonstrated that analyzing
group A patients on the basis of comparing the
RPA with LPA flows will not completely identify
important and statistically significant results. For
example, the differential BPA RF between the RPA
and LPA in group A patients was not significant
(RPA 30%; LPA 30%; p  0.985). Therefore, we
Figure 3. Correlation of Differential Branch Regurgitant Fractio
(A) Status after tetralogy of Fallot repair. Cine cardiac magnetic resonance
diffuse right pulmonary artery (RPA) dilation best observed in the coronal
right-sided pulmonary vascular resistance (PVR). Despite the size differenti
elevated RPA RF. (B) Status after tetralogy of Fallot repair with residual LPA
mal branch pulmonary artery (BPA). Magnitude (control) images (a and c)
correlates with elevated PVR. Despite the size differential, the LPA receives
status after ventricular septal defect closure and right ventricular to PA co
correlates with elevated left-sided PVR. Despite the size differential, both b
descending aorta; Wu Woods units.also analyzed our data by searching for differencesbetween the smaller or stenotic artery versus the
larger contralateral artery.
This study confirmed our earlier findings that
after repair of conotruncal anomalies, patients with-
out BPA stenosis or size discrepancy (group B) had
increased regurgitation in the LPA compared with
the RPA (39% vs. 31%, p 0.001) (17). Moreover,
we showed that patients with stenosis or size
discrepancy had significantly lower RFs in the
smaller or stenotic artery compared with the con-
tralateral larger artery (RF 21% vs. 39%, p 0.001).
Considering the data in this way illustrates that
differential regurgitation is more severe in the BPA
contralateral to the stenotic or smaller artery in
patients with significant stenosis or size discrep-
ancy, regardless of whether the smaller artery is the
LPA or the RPA. Other studies (16,18) also mea-
sured an overall increase in LPA RF compared with
ulmonary Blood Flow, and Pulmonary Vascular Resistance
onstrates residual discrete left pulmonary artery (LPA) stenosis (b) and
(a). The elevated RPA regurgitant fraction (RF) correlates with elevated
e LPA receives more of the pulmonary blood ﬂow (PBF) because of the
nosis and RPA dilation. All images are cross-sectional through the proxi-
velocity-encoded images (b and d) are displayed. The elevated RPA RF
re than one-third of the fractional PBF distribution. (C) Truncus arteriosus
t. This patient has RPA stenosis and LPA dilation. The elevated LPA RF
hes receive nearly equal net ﬂow. AAO  ascending aorta; DAO n, P
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512investigate differences in the pattern of regurgita-
tion between patients with and without angio-
graphic evidence of discrete stenosis or discrepant
BPA sizes. Furthermore, our study demonstrated a
strong positive correlation between differential re-
gurgitation and differential PVR (r  0.84, p 
.001). Accordingly, PCMR serves as a tool for
dentifying relative differences in the PVR of the
wo lungs. This finding is logical. Differential BPA
egurgitation should be proportional to differential
VR. For this reason, patients with relatively equal-
ized BPAs (group B) would be expected to have an
ncreased LPA RF (39% vs. 31%, p  0.001) and
ecreased LPA net flow (42% vs. 58%, p  0.001),
s we observed. Consequently, in the absence of
PA stenosis or size discrepancy, relative PVR
argely dictates both relative flow and relative RF.
imilarly, patients with BPA stenosis or size dis-
repancy (group A) should also demonstrate a
orrelation with differential BPA RF and PVR.
owever, the correlation should depend on which
rtery is smaller or stenotic. The enlarged, con-
ralateral artery would be expected to have a rela-
ively higher RF because it has relatively increased
VR. Finally, we demonstrated that in group A
atients, there is a moderate correlation between
PA size and both forward and reverse flows but
ot net flow. This underscores that using net flows
lone can mislead physician perception of the sig-
ificance of BPA anatomic pathology. In summary,
ur findings highlight the importance of interpret-
ng the net PBFs together with the differential BPA
Fs because these patients may have significant
ifferences between the right and left PVRs. Ab-
ormalities of the pulmonary vascular bed in pa-
ients with conotruncal anomalies can be congenital
r acquired (24), and patients with stenosis or size
iscrepancy associated with significant differential
PA regurgitation may be developing relatively
levated PVR in the larger contralateral artery.
nterventional catheterization for BPA stenosis is
mportant to consider in patients after repair of
onotruncal anomalies (25), and the prevention of
ontralateral BPA hypertension is an indication for
ntervention independent of the net PBF distribu-
ion (11,12,14,15). In light of our data, in combi-
ation with the fact that echocardiographic win-
ows are frequently limited in post-operative
atients with tetralogy of Fallot, relying on netirectly imaging the BPAs may lead to an undera-
preciation of the presence of BPA pathology.
Study limitations. Limitations of this study include
he inherent biases of its retrospective design. Nev-
rtheless, our comparison of the MR imaging and
atheter data without a BPA intervention between
he 2 studies is compelling because the statistical
orrelation is very strong and the resultant data are
onsistent. Future studies should prospectively
easure PCMR BPA RFs concurrently with cath-
ter pressure measurements for PVR. These data
ill become more readily available with the emer-
ence of combined MR imaging and catheteriza-
ion laboratories positioned adjacent to one an-
ther, where these data can be measured under the
ame anesthetic procedure.
This investigation focused on the impact of PVR
nd BPA size on differential BPA regurgitation.
owever, other factors affecting pulmonary regur-
itation such as main pulmonary artery and RV
iastolic compliance, pulmonary valve compe-
ence, and diastolic filling time were not ad-
ressed (26). In addition, this investigation ana-
yzed differential BPA regurgitation in terms of
ifferential RFs similar to previous studies on this
opic. However, an alternative approach would be
o consider the data from the perspective of
ifferential regurgitant volumes because some
ave advocated that the regurgitant volume more
ccurately reflects RV preload (27).
C O N C L U S I O N S
BPA RF is a function of the relative PVR and the
presence of BPA stenosis or size discrepancy.
Contrary to prior reports, the LPA RF was only
elevated in patients with relatively equal-sized
BPAs. In the setting of BPA stenosis or size
discrepancy, net flows will not identify unilateral
increases in PVR. Therefore, measuring the dif-
ferential RF is an important tool for screening
patients for unilateral increases in PVR, which
can affect the indication and timing for repair of
BPA stenosis.
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